The Dual Standard Model and the 750 GeV Events at the LHC by Calmet, Xavier
ar
X
iv
:1
60
4.
06
18
5v
1 
 [h
ep
-p
h]
  2
1 A
pr
 20
16
The Dual Standard Model and the 750 GeV Events at
the LHC
Xavier Calmet1
Physics and Astronomy, University of Sussex, Falmer, Brighton, BN1 9QH, UK
Abstract
The aim of this short paper is to discuss the recently observed excess at 750 GeV by
both CMS and ATLAS in the light of the dual standard model. Within this framework
it is natural to introduce neutral spin 0 and/or spin 2 SU(2) glue mesons which could
easily account for this observation if it is confirmed. The model predicts that these
glue mesons would be part of SU(2) triplets and that there must thus be charged
counterparts of these glue mesons carrying a QED charge of ±1 with a spin 0 and/or
2 as well.
1x.calmet@sussex.ac.uk
The aim of this short paper is to discuss the recently observed excess at 750 GeV by
both CMS [1] and ATLAS [2] in the light of the dual standard model [3,4]. This excess can
be interpreted as a spin 0 or spin 2 resonance of mass 750 GeV decaying into two photons.
After briefly reviewing the dual standard model, we show that if the recent excess observed
at CERN is a spin 0 or spin 2 resonance described within this framework, then this resonance
must be the first sign of a new series of particles with similar masses. Indeed the spin 0 or
2 particle would be part of a SU(2) triplet. Besides the neutral spin 0 or 2 particles, one
expects two states with the same spin and QED charges ±1. As we shall see, up to QED
effects, these charged particles would have masses similar to that of their neutral counterpart.
The standard model provides a very successful description of the electroweak and strong
interactions. It is based on the concept of local SU(3)c × SU(2)L × U(1)Y gauge invariance
where SU(3)c is the gauge group that describes the strong interaction and SU(2)L and U(1)Y
describe the weak and electromagnetic interactions. Besides the local gauge symmetries,
there is another important but approximative global symmetry SU(2) due to the structure
of the Higgs potential of the standard model. This symmetry would be exact in the limit
where the gauge coupling of the U(1)Y goes to zero. This custodial symmetry is particularly
important when studying the standard model in its dual picture as we shall explain shortly.
Indeed, it is well known that the standard model of particle physics can be defined in terms
of gauge invariant fields. This formulation, while equivalent to the original presentation due
to Glashow, Weinberg and Salam, is useful as it makes clear that particles are never isolated
but always surrounded by virtual particles. Indeed a physical electron is never isolated from
the photon and virtual pairs of particles constantly pop out of the vacuum. We can define
fields which are gauge invariant under the local SU(2)L gauge symmetry. These “physical”
fields are given by [3–7]
Φ = Ω†φ, (1)
ΨaL = Ω
†ψaL
W iµ =
i
2g
Tr
[
Ω†
↔
Dµ Ωτ
i
]
(Dµ)SU(2)L = Ω†(Dµ)SU(2)LΩ = ∂µ − igWµ
Fµν = i
g
[(Dµ)SU(2)L , (Dν)SU(2)L ],
with φ†
↔
Dµ φ = φ
†Dµφ− (Dµφ)†φ and where Ω is given by
Ω =
1√
φ†φ
(
φ∗2 φ1
−φ∗1 φ2
)
. (2)
Here Φ corresponds to the Higgs doublet, ΨaL to the left-handed fermions of the standard
model (the index a runs over all the lepton and quark flavors) andW iµ to the three electroweak
1
bosons. Note that while these objects are gauge invariant under local SU(2)L, they still
transform under the global SU(2) transformations: Φ and ΨL are global SU(2) doublets
while W iµ are triplets under the global SU(2). Using the unitarity gauge, which corresponds
to the choice Ω = 1, one finds Φ→ φ, Ψ→ ψ and W iµ → Biµ. Note that we could generalize
this to locally invariant fields under the full gauge group of the standard model [8, 9].
It is easy to reformulate the standard model in terms of these new fields. Starting from
the standard model Lagrangian
L = −1
2
TrFµνF
µν − 1
4
fµνf
µν + iψ¯aL
(
( /Dµ)SU(2) − i1
2
g′Y /A
)
ψaL (3)
+iψ¯aR(/∂ − i
1
2
g′Y /A)ψaR
+
((
(Dµ)SU(2) − i1
2
g′YAµ
)
φ
)†((
(Dµ)SU(2) − i1
2
g′YAµ
)
φ
)
+V (φ†φ)−Gu(ψ¯aLφψaR + ψ¯aRφ†ψaL)−Gd(ψ¯aLφ¯ψaR + ψ¯aRφ¯†ψaL)
where φ¯ = iτ2φ
⋆, the fermion ψa is a generic fermion field and the covariant derivative is
given by (Dµ)SU(2) = ∂µ − igBµ, with Bµ = 1/2τaBaµ. We denote the Yukawa couplings by
Gu and Gd. The gauge dependent fields can be replaced by their SU(2)L gauge invariant
counterparts. One obtains the dual standard model
L = −1
2
TrFµνFµν − 1
4
fµνf
µν + iΨ¯aL
(
( /Dµ)SU(2)L − i
1
2
g′Y /A
)
ΨaL (4)
+iψ¯aR(/∂ − i
1
2
g′Y /A)ψaR
+
((
(Dµ)SU(2)L − i
1
2
g′YAµ
)
Φ
)†((
(Dµ)SU(2)L − i
1
2
g′YAµ
)
Φ
)
+V (Φ†Φ)−Gu(Ψ¯aLΦψaR + ψ¯aRΦ†ΨaL)−Gd(Ψ¯aLΦ¯ψaR + ψ¯aRΦ¯†ΨaL).
The scalar field potential is as usual
V (φ†φ) =
1
2
λ
(
φ†φ− 1
2
v2
)2
, (5)
its counterpart in term of SU(2)L gauge invariant fields is given by
V (Φ†Φ) =
1
2
λ
(
Φ†Φ− 1
2
v2
)2
. (6)
This potential can be minimized if the field Φ is forced to form the gauge invariant condensate
〈Φ†Φ〉 = 〈φ†φ〉 = 1
2
v2. (7)
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As in the standard model, the gauge invariant charged vector bosons receive a mass term of
the form mW = gv/2, the fermions receive masses of the type mu = Guv/
√
2 for the up-type
fermions and md = Gdv/
√
2 for the down-type fermions. We also see that a term
1
2
g′gAµW 3µΦ†Φ (8)
appears, which gives rise to a mixing between the U(1) generator and theW 3 gauge invariant
field. After diagonalization according to
Aµ = sin θWW
3
µ + cos θWAµ
Zµ = cos θWW
3
µ − sin θWAµ, (9)
we can identify the photon Aµ and the Zµ boson which are identical to the photon and Z
boson of the standard model.
The dual standard model [3,4] is identical to the usual standard model and should not be
confused with composite models of the electroweak interactions such as that of Abbott and
Farhi [10–12]. While the dual formulation is physically equivalent to the standard model, it
is a useful starting point to discuss potential physics effects beyond the standard model. In
particular, if one takes the dual picture seriously there must be a relation between the Higgs
boson’s mass and that of the three electroweak bosons, using this duality we were able to
estimate the Higgs boson’s mass and obtained a prediction of 129.6 GeV [13] which is not
far off from the measured Higgs boson’s mass at 125 GeV.
In the dual picture of the standard model, it is possible to construct more gauge invariant
fields than those corresponding to the standard model field content. For example, we can
construct objects which are a superposition of gauge bosons which we shall call electroweak
glue mesons2 despite the fact that this is not a composite model. For example, since there
are three gauge bosons in SU(2)L, we can construct “glue mesons” containing two gauge
bosons
Sij =
−1
4g2
Tr
[
Ω†
↔
Dµ Ωτ
iΩ†
↔
D
µ
Ωτ j
]
→ BiµBjµ (10)
T ijµν =
−1
4g2
Tr
[
Ω†
↔
D{µ Ωτ
iΩ†
↔
Dν} Ωτ
j
]
→ BiµBjν +BiνBjµ (11)
2A justification for this name is that the operators given in Eqs. (10) and (11) correspond in the unitary
gauge respectively to FµνFαβǫµναβ and F
α
µ Fαν − 1/4gµνFαβFαβ which have been used to represent true
glue mesons in QCD [14].
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or in matrix form (using the standard notation W±µ = (B
1
µ ∓ iB2µ)/
√
2):
S = τ iSijτ j =
(
B3µB
3µ + 2W+µ W
−µ
√
2B3µW
+µ −√2W+µ B3µ√
2W−µ B
3µ −√2B3µW−µ B3µB3µ + 2W+µ W−µ
)
. (12)
Tµν = τ
iT ijµντ
j =
(
B3{µB
3
ν} + 2W
+
{µW
−
ν}
√
2B3{µW
+
ν} −
√
2W+{µB
3
ν}√
2W−{µB
3
ν} −
√
2B3{µW
−
ν} B
3
{µB
3
ν} + 2W
+
{µW
−
ν}
)
. (13)
There are thus three spin 0 states with QED charges 0 and ±1 and three spin 2 states
(d-waves [15] ) with QED charges 0 and ±1. The charge 0 states are a superposition two
electroweak boson ZZ or W+W− and the states carrying charges ±1 are of the form ZW+
or ZW−. It is obviously possible to define states built from more than two gauge bosons as
well as states involving left-handed fermions
Ψa⋆L =
i
2g
Ω† /DψaL → /Biτ iψaL. (14)
Note that due to the chiral nature of the interactions of the standard model, it is not
straightforward to write a mass term for the excited fermions in the effective Lagrangian.
We could simply introduce a right-handed singlet ψa⋆R in analogy to the fermions of the
standard model. We will not investigate this question further here, but shall simply assume
that if these fermions exist, they are very massive.
Because there are no states corresponding to Sij and T ijµν in the standard model, we do
not know how to couple these states to the particles of the standard model. The only guiding
principle at our disposal is that we must preserve the approximate global SU(2) which is
only broken by the U(1)Y interaction. However, in the limit in which U(1)Y decouples from
the SU(2)L sector, we must recover this symmetry. The new fermions Ψ
a⋆
L that are charged
under SU(3) will behave as heavy quarks, they can also couple to the usual weak bosons of
the standard model. They carry the hypercharge of their standard model counterparts and
will thus couple to the hyperphoton. These new fermions could generate couplings between
the gluons, the photon and electroweak bosons with the new scalar fields and the tensor
modes which can be parametrized using effective field theory techniques. The coupling of
the neutral scalar field to the spin 1 bosons of the standard model is given by
Lspin0 = S
0
3∑
a=1
ca
Λ
(
1
4
aFαβ
aF αβ
)
(15)
where S0 is the neutral spin 0 state and aFαβ are the field strength tensors of the U(1)Y ,
4
SU(2)L and SU(3)c gauge fields. In the basis of the gauge boson mass eigenstates one finds:
Lspin0 =
S0
Λ
(
c
(0)
γγ
4
AαβA
αβ +
c
(0)
γZ
4
AαβZ
αβ +
c
(0)
ZZ
4
ZαβZ
αβ +
c
(0)
WW
4
ηµνWαβW
αβ
+
c
(0)
gg
4
GαβG
αβ
)
(16)
with
c(0)γγ = c
(0)
1 cos
2 θW + c
(0)
2 sin
2 θW (17)
c
(0)
γZ = (c
(0)
1 − c(0)2 ) sin 2θW (18)
c
(0)
ZZ = c
(0)
1 sin
2 θW + c
(0)
2 cos
2 θW (19)
c
(0)
WW = 2c
(0)
2 (20)
c(0)gg = c
(0)
3 . (21)
The coefficients c
(0)
i are free parameters.
For the spin 2 tensor, we have the following Lagrangian
Lspin2 = T
0
µν
3∑
a=1
c
(2)
a
Λ
(
1
4
ηµν aFαβ
aF αβ − aF µα aF αν
)
(22)
where T 0µν is the neutral spin 2 d-wave and as before
aFαβ are the field strength tensors of the
U(1)Y , SU(2)L and SU(3)c gauge fields. In the basis of the gauge boson mass eigenstates
one finds:
Lspin2 =
T 0µν
Λ
(
c(2)γγ
(
1
4
ηµνAαβA
αβ − AµαAαν
)
+ c
(2)
γZ
(
1
4
ηµνAαβZ
αβ − AµαZαν
)
+c
(2)
ZZ
(
1
4
ηµνZαβZ
αβ − ZµαZαν
)
+ c
(2)
WW
(
1
4
ηµνWαβZ
αβ −AµαZαν
)
+c(2)gg
(
1
4
ηµνGαβG
αβ −GµαGαν
))
(23)
with
c(2)γγ = c
(2)
1 cos
2 θW + c
(2)
2 sin
2 θW (24)
c
(2)
γZ = (c
(2)
1 − c(2)2 ) sin 2θW (25)
c
(2)
ZZ = c
(2)
1 sin
2 θW + c
(2)
2 cos
2 θW (26)
c
(2)
WW = 2c
(2)
2 (27)
c(2)gg = c
(2)
3 . (28)
The coefficients c
(2)
i are free parameters.
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The neutral spin 0 or spin 2 glue mesons could easily account for the recent events
observed at CERN corresponding to a 750 GeV particle decaying to two photons. Let us
first consider the neutral scalar field S0, using the narrow width approximation one finds
(see e.g. [16] ):
σ(proton proton→ S0 → γγ) = σ(proton proton→ S0)Br(S0 → γγ). (29)
The production cross section at the parton level is given by
σˆ(gg → S0) = (c
(0)
gg )2pi
4
m2S0
Λ2
δ(sˆ−m2S0). (30)
Using the results of [17], it is straightforward to calculate the decay width of the neutral
glue scalar meson to the electroweak bosons and gluons of the standard model:
Γ(S0 → γγ) = (c
(0)
γγ )2
4pi
m3
S0
Λ2
(31)
Γ(S0 → gg) = 2(c
(0)
gg )2
pi
m3
S0
Λ2
(32)
Γ(S0 → γZ) = 1
8
(c
(0)
γZ)
2
pi
m3
S0
Λ2
(
1− m
2
Z
m2
S0
)3
(33)
Γ(S0 →WW ) = 64pi3(c(0)WW )2
m5
S0
Λ2m2W
√
1− 4m
2
W
m2
S0
(
1− 4m
2
W
m2
S0
+ 12
m4W
m4
S0
)
(34)
Γ(S0 →WW ) = 32pi3(c(0)ZZ)2
m5
S0
Λ2m2Z
√
1− 4m
2
Z
m2
S0
(
1− 4m
2
Z
m2
S0
+ 12
m4Z
m4
S0
)
. (35)
Similarly, for the neutral d-wave could be produced as a resonance and the narrow width
approximation can be used to calculate the cross section σ(proton proton→ T 0 → γγ). The
widths can easily be calculated. One has [18]:
Γ(T 0µν → γγ) =
(c
(2)
γγ )2m3T 0µν
80piΛ2
(36)
Γ(T 0µν → Zγ) =
(c
(2)
γZ)
2m3T 0µν
160piΛ2
(
1− m
2
Z
m2
T 0µν
)3(
1 +
m2Z
2m2
T 0µν
+
m4Z
6m4
T 0µν
)
(37)
Γ(T 0µν → ZZ) =
(c
(2)
ZZ)
2m3
T 0µν
80piΛ2
√
1− 4 m
2
Z
m2
T 0µν
(
1− 3 m
2
Z
m2
T 0µν
+ 6
m4Z
m4
T 0µν
)
(38)
Γ(T 0µν → WW ) =
(c
(2)
WW )
2m3
T 0µν
160piΛ2
√
1− 4 m
2
W
m2
T 0µν
(
1− 3 m
2
W
m2
T 0µν
+ 6
m4W
m4
T 0µν
)
(39)
Γ(T 0µν → gg) =
(c
(2)
gg )2m3T 0µν
10piΛ2
(40)
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Clearly, the 750 GeV excess could easily be explained by either the production of the
spin 0 or spin 2 glue mesons discussed above. The analysis performed in e.g. [19–22] of
the 750 GeV resonance as a spin 0 or spin 2 particle applies to our model. Because of the
global SU(2) symmetry, we know that besides the neutral spin 0 or spin 2 particles, we are
expecting a charged counterpart with a mass close to 750 GeV modulo some small quantum
electrodynamics effects in analogy to the mass difference between the charge electroweak
bosons and the Z-bosons. The charged glue mesons are however more difficult to produce
than their neutral counterparts as this would have happen from the fusion of electroweak
bosons. Also their decays principally in charged fermions via S/T → W + Z → 4 fermions
are less straightforward than the clear γγ signature of decay of a neutral glue meson.
If the 750 GeV resonance is confirmed by future measurements at the LHC, the dual
standard model and its extension as described above is a very natural framework to account
for this effect. Within that model one expects for three spin 0 and spin 2 glue mesons,
there are charged SU(2) partners corresponding to the neutral resonance which may have
been recently observed. Clearly if this picture is correct, higher spin resonances in SU(2)
multiplets are also expected as well as more exotic particles corresponding to ”excitations”
of the known Higgs boson and fermions. While the Lagrangian proposed above is not renor-
malizable in the usual sense, it could be the first sign that asymptotic safety [23] is truly
relevant to the electroweak interactions.
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